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Radiative deays of salar mesons f0(980) and a0(980) into ρ(ω)γ in the loal
Nambu-Jona-Lasinio model
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Joint Institute for Nu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h, Dubna, Russia
(Dated:)
In the framework of the loal Nambu-Jona-Lasinio model the radiative deay widths of the salar
mesons f0(980) and a0(980) into ργ and ωγ are alulated. The ontributions of the quark loops
and the meson loops are taken into aount. For the radiative deays of the salar meson f0(980)
the ontribution of the meson loops plays the dominant role. On the other side for the radiative
deays of the salar meson a0(980) the main ontribution is given by the quark loops.
I. INTRODUCTION
Reently two works were published devoted to the desription of the vetor meson
deay φ → f0γ [1℄ and to two photon deays of salar mesons σ(600) → γγ
and f0(980) → γγ [2℄. These deays were desribed in the framework of the loal
Nambu-Jona-Lasinio (NJL) model where both  the quark loop and the meson loop 
were taken into aount. The satisfatory agreement with the experimental data was
obtained.
The omparison with the other models was performed. First of them is the model
whih onsiders the salar mesons as a four-quark states [3℄. In other model the salar
mesons are treated as a kaon moleule [4℄. It was shown that using the NJL model
in 1/Nc approximation (where Nc is the number of olors) we gain the qualitative
agreement with the preditions of these phenomenologial models for deays of f0-
mesons.
Here we would like to investigate the radiative deays of salar mesons f0(980) and
a0(980) into light vetor mesons: f0(980) → ρ(ω)γ, a0(980) → ρ(ω)γ.
Unfortunately now we do not have any experimental data for this deays. However
satisfatory desription of γγ hannels and φ → f0(980)γ deay in the framework of
NJL model allows us to hope that we ould obtain a reasonable preditions for the
deays mentioned above.
In future we are going to use our results for desriptions of proesses ee¯ → SV ,
where V = ρ, ω and S = f0, a0.
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2II. LAGRANGIAN OF THE NJL MODEL
The lagrangian of interation of mesons and quarks whithin the NJL model has the
form [5, 6℄:
Lint = q¯
[
eQAˆ+ guλuσu + gsλsσs + guλ3a0 + iγ5gpi
(
λpi+π
+ + λpi−π
−)+
+ iγ5gK
(
λK+K
+ + λK−K
−)+ gρ
2
(λ3ρˆ0 + λuωˆ)
]
q, (1)
where q¯ =
(
u¯, d¯, s¯
)
, and u, d, s is the quark elds, Q = diag (2/3,−1/3,−1/3) is the
quark eletri harges matrix, e is the elementary eletri harge (e2/4π = α = 1/137),
λu =
(√
2λ0 + λ8
)
/
√
3, λs =
(−λ0 +√2λ8) /√3, where λi is the well-known Gell-
Mann matrixes and λ0 =
√
2/3 diag (1, 1, 1). That is
λu =


1 0 0
0 1 0
0 0 0

 , λs =


0 0 0
0 0 0
0 0 −√2

 , λ3 =


1 0 0
0 −1 0
0 0 0

 ,
λpi+ =


0 0 0√
2 0 0
0 0 0

 , λpi− =


0
√
2 0
0 0 0
0 0 0

 ,
λK+ =


0 0 0
0 0 0√
2 0 0

 , λK− =


0 0
√
2
0 0 0
0 0 0

 .
Vertex onstants from the lagrangian (1) are dened in a following way:
gσu =
(
4IΛ(mu, mu)
)−1/2
, gσs =
(
4IΛ(ms, ms)
)−1/2
,
gpi =
√
Zpigσu, gK =
√
ZK
(
4IΛ(mu, ms)
)−1/2
, (2)
where
IΛ(m1, m2) =
Nc
(2π)4
∫
d4k
θ(Λ2 − k2)
(k2 +m21)(k
2 +m22)
=
3
(4π)2
[m22 ln

Λ2
m22
+ 1


−m21 ln

Λ2
m21
+ 1

]/(m22 −m21). (3)
These integrals are written in Eulidean spae. The onstituent quark masses mu =
md = 263 ÌýÂ, ms = 407 ÌýÂ and the ut-o parameter Λ = 1.27 ýÂ are taken
3from the paper [1℄. As a result we get the following values for the oupling onstants:
gσu = 2.42, gσs = 3.0; where Zpi and ZK are the fators whih takes into aount the
transitions of pseudosalar mesons into axial-vetor ones: Zpi = (1 − 6m
2
u
M2a1
)−1, ZK =
(1 − 3(mu+ms)2
2M2K1
)−1 [5℄, where Ma1 = 1260 ÌýÂ, MK1 = 1403 ÌýÂ are the masses of
axial-vetor mesons [7℄. In our alulation we assume that Zpi ≈ ZK = Z = 1.4. As
a result we get gpi ≈ 2.9, gK ≈ 3.3. gρ =
√
6gσu = 5.94 is the onstant of ρ → 2π
deay [5℄. σu and σs are the isosalar salar mesons in the ase of ideal mixing, whih
suppose that σu onsists of light quarks u and d only and σs onsists of strange quarks
s. Salar mesons f0 and σ are the mixtures of these two pure quark states with the
mixing angle α = θ0−θ, where θ0 = 35.3◦ is the angle of the ideal singlet-otet mixing
and θ = 24◦ is the angle of real mixing whih takes into aount t'Hooft interation
[8℄:
f0 = σu sinα + σs cosα, (4)
σ = σu cosα− σs sinα. (5)
Isovetor meson a0 onsists of light quarks u and d only.
III. THE DECAYS a0 → ωγ, a0 → ργ, f0 → ωγ, f0 → ργ
In this paper we onsider the deays of f0 and a0 mesons:
a0(p) → ω(q) + γ(k1),
a0(p) → ρ(q) + γ(k1),
f0(p) → ω(q) + γ(k1),
f0(p) → ρ(q) + γ(k1),
p2 = M2S, q
2 = M2V , k
2
1 = 0, (6)
where MS = Mf0,a0 = 980 ÌýÂ is the mass of deaying salar meson [7℄ and MV =
Mω,ρ is the mass of vetor meson [7℄. The matrix element in general ase has the form:
Mi = e
gρ
2
Ai (qνk1µ − gµν (qk1)) eνγeµV , (7)
eγ = e (k1) , eV = e (q) , (8)
where i = {a0 → ωγ, a0 → ργ, f0 → ωγ, f0 → ργ}, and the quantity Ai ontains all
oupling onstants and the dynamial information of the proess. Then the radiative
deay width takes the form:
Γi =
α
(
M2S −M2V
)3
32M3S
g2ρ |Ai|2 . (9)
4In order to alulate the ontributions of quark and meson loops to the oeients
Ai it is neessary to have information about the quark-meson and the meson-meson
vertexes. The quark-meson vertexes are given in the Lagrangian (1). The meson-meson
vertexes are alulated in a standard way of the loal NJL model and expressed in
terms of logarithmially divergent integrals whih appears from the quark loops [5℄.
As a result the expression for this vertexes takes the form [1, 2℄:
gσsK+K− = 2
√
2gσs (2ms −mu)Z,
gσuK+K− = ga0K+K− = 2 (2mu −ms) gσuZ,
gσupi+pi− = 4mugσuZ,
gωµK+K− = gρµK+K− =
gρ
2
(p+ − p−)µ ,
gρµpi+pi− = gρ (p+ − p−)µ .
A. The deays a0 → ωγ and a0 → ργ
Let us onsider the deay of isosalar salar meson a0 into ωγ. In this proess the
quark loop and the kaon loop give ontribution. The ontribution of pion loop is absent
beause the vertex a0 → 2π is forbidden.
The quark loop ontributions ontain only u and d quarks. Then we obtain:
M (u,d)a0→ωγ = e
gρ
2
C(u,d)a0→ωγ
∫ d4k
iπ2
Sp
[(
qˆ + kˆ +mu
) (
kˆ − kˆ1 +mu
)
eˆγ
(
kˆ +mu
)
eˆω
]
(
(q + k)2 −m2u
)
(k2 −m2u)
(
(k − k1)2 −m2u
) ,(10)
where C(u,d)a0→ωγ = 3gσu, where 3 takes into aount the olor fator Nc and the
sum of quark harge absolute values. We drop the imaginary part of quark loop
whih orresponds to ondition of "naive"quark onnement. The onrmation of
this presription an be found in the paper [9℄. Using standard Feynman method of
denominator uniation and following loop momentum integration we get:
M (u,d)a0→ωγ = e
gρ
2
C(u,d)a0→ωγRe (Iu) (qνk1µ − gµν (qk1)) eνγeµω, (11)
where
Iu = 4mu
1∫
0
dx
1−x∫
0
dy
1 + y(3x2 − x)− y2x(1− x)
m2u − y(1− y)(1− x)k21 − y(1− y)xq2 − x(1− x)y2p2 + iǫ
,(12)
Now let us onsider the ontribution whih omes from the kaon loop. Note that here
we have two meson diagrams. One is the triangle loop diagram where vetor meson
and photon are in dierent points of meson loop:
M (K)a0→ωγ = e
gρ
2
C(K)a0→ωγ
∫ d4k
iπ2
(q + 2k)µ(2k − k1)νeµγeνω(
(q + k)2 −M2K
)
(k2 −M2K)
(
(k − k1)2 −M2K
) ,(13)
5where C(K)a0→ωγ = ga0K+K−. The seond one is the diagram with two vertexes where the
vetor meson and photon are in the same vertex. This diagram ontains only Lorenz-
struture gµν . As a result we obtain the gauge invariant form of meson amplitude
similar to (8):
M (K)a0→ωγ = e
gρ
2
C(K)a0→ωγIK (qνk1µ − gµν (qk1)) eνγeµω, (14)
where
IK =
1∫
0
dx
1−x∫
0
dy
4y2x(1− x)
M2K − y(1− y)(1− x)k21 − y(1− y)xq2 − x(1− x)y2p2 + iǫ
.(15)
Let us emphasize that gauge invariane leads to a nite expression for all this loop
diagrams. More detail alulation of the similar diagrams an be found in [1℄.
Then the total amplitude of the proess a0 → ωγ is equal
Ma0→ωγ = e
gρ
2
Aa0→ωγ (qνk1µ − gµν (qk1)) eνγeµω, (16)
where
Aa0→ωγ = 3gσuRe (Iu) + ga0K+K−IK = −1.78374 + 0.159415 = −1.62433. (17)
Then the deay width is equal:
Γa0→ωγ = 114.7 êýÂ.
The deay a0 → ργ an be onsidered in a omplete analogy with the deay a0 → ωγ.
Let us note that here quark ontribution to the amplitude is three times smaller than
quark ontribution to the amplitude of the deay with ω-mesons, while the kaon loops
ontributions are the same. As a result we get for the amplitude:
Ma0→ργ = e
gρ
2
Aa0→ργ (qνk1µ − gµν (qk1)) eνγeµρ , (18)
Aa0→ργ = gσuRe (Iu) + ga0K+K−IK = −0.598209 + 0.156921.
Then the total deay width is:
Γa0→ργ = 8.47 êýÂ.
Note that in the both proesses the main ontribution omes from the quark loops.
B. The deays f0 → ωγ and f0 → ργ
Sine the salar meson f0(980) onsists of two omponents: the omponent whih
onsists of light quarks u and d  σu and the omponent whih onsists of strange
6quarks  σs, we will alulate the ontributions of these two omponents to the total
amplitude of deays f0 → ω(ρ)γ separately.
Let us start from the deay f0 → ωγ. The omponent σu ontains ontribution of
the quark and the kaon loops. As in previous setion for quark loop ontribution to
the amplitude with the σu we get:
Au,dσu→ωγ = −0.59, (19)
The ontribution of pion loop here vanishes sine the deay ω → 2π is absent. The
kaon loop ontribution is
AKσu→ωγ = A
K
a0→ωγ = 0.0998425.
Conerning σs omponent only kaon loop ontribution is present in the amplitude:
AKσs→ωγ = −1.08958,
(20)
As a result for total deay amplitude we obtain:
Af0→ωγ = sinα(A
u,d
σu→ωγ +A
K
σu→ωγ) + cosαA
K
σs→ωγ = −0.102239 + (−1.06636) = −1.1686.
The total deay width is:
Γf0→ωγ = 59.67 êýÂ.
Let is now onsider the deay f0 → ργ. The quark loop ontribution to the σu
omponent here is three times bigger that in the ase of f0 → ωγ deay and is equal:
A(u,d)σu→ωγ = −1.80414,
(21)
The meson ontribution to the σu omponent deay onsists of kaon and pion loops:
Apiσu→ργ = 0.22272− 0.0276848i,
AKσu→ργ = 0.137775.
The deay of σs omponent omes through the kaon loop only
AKσs→ργ = −1.07395. (22)
As a result for total amplitude of the deay f0 → ργ we get:
Af0→ργ = sinα
(
A(u,d)σu→ωγ + A
pi
σu→ργ +A
K
σu→ργ
)
+ cosαAKσs→ργ =
= sinα (−1.443− 0.0276848i) + cosα · (−1.07395) =
= (−0.29632 + 0.00568i) + (−1.05106) = −1.34752− 0.00568507i.
7The total deay width of the proess f0 → ργ is:
Γf0→ργ = 81.435 êýÂ.
Let us note that in both deays f0(980) into ργ and ωγ the main ontribution to the
amplitude omes from the kaon loop onneted with the σs omponent of f0 meson.
IV. CONCLUSION
Fullled alulation shown the important role of both the quark loop and meson
loop for desription of the radiative deays of the salar mesons. It is interesting to
emphasize that for the desription of the radiative deays of isosalar salar meson
f0(980) kaon loops play a dominant role. In paper [1℄ it was shown in the deay
φ→ f0(980)γ and in paper [2℄ on the basis of two-photon deay f0 → 2γ. Here we also
see the dominant role of the kaon loop in the proesses f0 → ω(ρ)γ. This explains the
suess of other models, whih are based on the assumption of salar meson struture
as a kaon moleule [4℄ or as a four-quark state [3℄. However in the deays of other
salar mesons, for instane a0(980) → 2γ [2℄ and a0 → ω(ρ)γ, the quark loops play
the dominant role. But meson loops also give a omparable ontributions. Used here
NJL model allows us to take into aount orretly the ontributions of both diagrams.
Note that the results obtained in the framework of NJL model in papers [1, 2℄ were
in a satisfatory agreement with the experimental data. This allows us to hope that
the preditions obtained here will also be in an adequate agreement with the future
experiments.
In the future we hope to use the obtained here results for the desription of the
proesses e+e− → SV , where V = ρ, ω and S = a0, f0.
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